Soil quality indicators are measurable soil attributes that reveal the soil productivity response or soil-environment functionality that are used to know whether soil quality is improving, remain constant, or declining. These characteristics could be assessed by different indices such as sustainability index approach (SI) based on the threshold levels of soil indicators and cumulative rating approach (CR) based on crop production limitations, which show the sustainability of soil ecosystem in terms of soil degradation. Since Iran is situated in arid and semi-arid climatic conditions, this research was conducted in agriculture fields of southeast of Mashhad, Iran for comparing these two approaches. Sixty three soil samples (0-30 cm) were collected and nine soil properties such as pH, electrical conductivity (EC), soil organic carbon (SOC), soil particle-size distribution, available water holding capacity (AWHC), bulk density (BD), air capacity (AC), relative field capacity (RFC) and sodium adsorption ratio (SAR) were measured. All these measurements were considered as total data set (TDS). Principal component analysis (PCA) was used to select more effective indicators to conform the minimum data set (MDS). There was a strong correlation between SI and CR (R 2 =0.69, p <0.05). Only six soil indicators selected as MDS (pH, SOC, AWC, BD and SAR) were correlated (p<0.01) significantly with SI and CR. These SI and CR results showed more promising effects on soil sustainability. PCA was found a suitable method for selecting the more effective indicators having R 2 = 0.77 (p <0.05) (CR-MDS versus CR-TDS) comparable with R 2 = 0.80 (p <0.05) (CR-MDS versus SI) to use less soil data input in assessing soil quality in arid zone.
Introduction
In recent decades, public awareness for understanding and evaluation of environmental changes has been growing rapidly (Scull and Okin, 2007) . Soil is one of the most important environmental factors and is considered as the main source in providing essential plant nutrients, water reserves and a medium for plant growth. Soil quality is defined as the capacity of a soil to function within an ecosystem and land-use boundaries, to sustain biological activity, maintain environmental quality, and promote plant, animal, and human health (Doran and Parkin, 1994) . Soil quality indices are considered the most common methods for soil quality evaluation due to ease of use, flexibility and quantification. These indices represent the cumulative effects of different soil properties (physical, chemical and ecological) as an index from the role of each indicator in soil quality (Drury et al., 2003; Singh and Khera, 2009) . Agricultural soils with a good physical quality have a stable structure and appropriate resistance to the erosion and compaction. They provide a favorable condition for plant growth and development and proliferation of roots and micro-organisms (Reynolds et al., 2002) . Soil physical quality is measured by soil indicators such as air capacity (AC), available water holding capacity (AWHC), relative field capacity to water saturation (RFC), macroporosity, bulk density (BD), soil organic carbon (SOC), structural stability index and many others (Reynolds et al., 2009) . When soil quality indicators are in the optimum range, crop yield response would be optimal (maximum obtainable yield) with reduced soil degradation (Reynolds et al., 2009) . Several authors have proposed various soil quality indicators (Larson and Pierce, 1994; Doran and Parkin, 1994; Karlen et al., 1998 ) that can be easily measured and they are sensitive to change of soil condition and therefore, they must be able to identify appropriated sustainable soil conditions (Gomez et al., 1996; Aparicio and Costa, 2007) . Some researchers have evaluated soil quality based on available soil properties to conform the total data set (TDS) indicator method (Doran and Parkin, 1994; Karlen et al., 1998) . Others researchers believed that few representative indicators, called minimum data set (MDS) should be used (Andrews, et al., 2004; Govaerts et al, 2006) . Using MDS method in order to select the parameters which better represent the TDS, can save time and money (Govaerts et al, 2006) (Qi et al., 2009) . Qi et al. (2009) suggested soil quality indices to evaluate agricultural soil quality in Zhangjiagang as an important County of China. They used the principal component analysis (PCA) for selecting MDS from a total of twenty-two soil properties. Bi et al. (2013) selected a MDS from nineteen physical, chemical and biological soil properties as the TDS (pH, redox, clay content, ), electrical conductivity (EC), available phosphorus (AP), NO 3 -N, SOC, microbial biomass carbon (MBC), Cd, Cr, As, Pb, Hg, hexachlorocyclohexanes (HCHs), dichlorodiphenyltrichloroethanes (DDTs) and many others) under different planting patterns and soil types. They showed that ten soil properties as MDS (pH, EC, NO 3 -N, AP, SOC, MBC, Cd, Hg, HCHs and DDTs were highly correlated with TDS and they concluded that the selected MDS had a good efficiency in representing TDS. Liu et al. (2013) established a soil quality index based on twenty-six soil physical, chemical and microbiological properties in a paddy soil of china by using both TDS and MDS methods. They selected five variables as MDS including arbuscular mycorrhizal fungi, microbial biomass carbon, available silicon, available potassium and total nitrogen and they were significantly correlated with rice yield. Gomez et al. (1996) proposed the sustainability index (SI) approach to assess soil sustainability in different agricultural management systems. Five soil properties related to soil physical quality were selected including soil depth, AWHC, BD, water stable aggregates (WSA) and SOC. In another approach, Shukla et al. (2004) presented the cumulative rating approach (CR), defined as critical limits of soil physical properties that would be useful to assess the sustainability of agricultural systems at farm scale. These critical levels were categorized from no limitation to extreme limitation in a scale of 1 to 5, respectively using a relative weighting factor (RWF) based on soil physical quality limitations for the crop production These indicators were AWHC, BD, WSA, AC, infiltration rate, mean weight diameter of soil aggregates (MWD), EC and SOC. Singh and Khera (2009) used SI and CR approaches with the same parameters selected by Shukla et al. (2004) . The results showed that SI was more suitable than CR for assessing the sustainability in terms of soil erodibility. Emami et al. (2009) and Emami (2012) applied both, SI and CR for soil sustainability assessment in agricultural land of Karaj and Varamin plains in Iran. They used various soil properties (e.g. SOC, MWD, S-value referred to the slope and soil water desorption curve) and many others including the soil texture and sodium adsorption ratio (SAR), AWHC, AC, BD, pH, EC and RFC. However, they did not consider a regional suitable indicator method like TDS and MDS. In general, most researchers used a set of predefined soil indicators suggested by Gomez et al. (1996) and Shukla et al. (2004) to assess soil quality and sustainability of agricultural land. The process of degradation in arid and semiarid regions such as Iran has intensified due to lack of farmers' knowledge of agricultural soil conditions, and lack of proper equipments. Under these conditions, the soil quality is often influenced by limiting factors such as high temperature, poor soil fertility, low AWHC, SOC and high concentrations of salt and pH. As Singh and Khera (2009) pointed out, studying land degradation through the soil quality assessment, that reflects soil functioning within the ecosystems, is crucial for sustainable management of land resources. The objectives of this study are to: 1) compare SI and CR approaches in evaluating the soil physical quality in terms of soil sustainability in Astan Quds experimental station. The first approach is based on method developed by Gomez et al. (1996) for measuring the sustainability of agricultural systems at farm scale. The second approach is by Shukla et al. (2004) based on the identification of the critical levels of soil indicators by assigning the RWF to assess the sustainability of land use, 2) chose representative regional soil indicators by PCA instead of using a set of pre-defined soil indicators, 3) determine the MDS efficiency as representative of TDS and increase CR approach efficiency through soil data number reduction in calculating CR.
Materials and Methods

Field experiment, data collection and analysis
Field experiment was carried out on Astan Quds experimental farm which is a unique and known experimental farm situated in east of Mashhad (North East of Iran), geographically located between 36º 16´ to 36º 25´ latitude E and 59º 67´ to 59º 77´ longitude N ( Figure  1 ). According to the climatic classification of Emberger, the farm is located in an arid and semi-arid climate with a mean annual temperature of approximately 14°C and mean annual precipitation of about 250 mm. Soils in this area are Aridisols and Entisols, based on soil taxonomy of USDA system (USDA, 1998). The farm lands are irrigated for crops such as alfalfa (Medicago falcata), wheat (Triticum aestivum), barley (Hordecum vulgare), maize (Zea mays) and peas (Cicer arietinum).
This experiment was conducted in about 5.7 ha field with an irrigated crop rotation of wheat-maize-fallow. Sixty three composited soil samples were collected by systematic soil sampling grid design at 30 m spacing apart. At each sampling grid cell, five subsamples (0-30 cm) were taken and mixed to make just one composited sample for further analysis. Undisturbed soil samples were collected by cylinder (5 cm height and 5 cm diameter) after removing gravels from soil surface. Disturbed samples were transported to the laboratory, air-dried and passed through 2 mm sieve. Nine soil indicators were considered as TDS for assessing soil quality and sustainability. A total of 63 soil samples were determined using standard laboratory procedures as follow: pH (METROHM, model 632) and EC e (JENWAY, Model 4310) in saturation extract (Richards, 1954) . SOC was determined by Walkely and Black (1934) . Soil particle size distribution by Bouyoucos hydrometer method (Gee and Bauder, 1986) , AWHC was determined from undisturbed soil core samples by the soil moisture content at 33 kPa and 1500 kPa (Klute and Dirkson, 1986) . BD was determined by the core cylinders sampling (Blake and Hartge, 1986) and AC, by the difference between soil water content at saturation (0 kPa) and 10 kPa. RFC was determined by dividing the gravimetric water content at field capacity by the saturation water content at saturation (Reynolds, 2009) . Finally SAR was calculated as (Richards, 1954): (1) Figure 1 . Geographical location of the study area (Latitude 36º 16´ to 36º 25´ E and longitude 59º 67´ to 59º 77´ N).
where the soil cations sodium (Na), calcium (Ca) and magnesium (Mg) are expressed in meq L -1 . SAR represented the soil sodicity. SAR < 13 indicated non sodicity and a values >13 indicates sodic soils (Richards, 1954) .
Soil quality evaluation method
PCA was used to select the representative soil quality indicators as MDS from the nine indicators as TDS (Doran and Parkin, 1994) . Standardized PCA was performed on the correlation matrix as proposed by and Govaerts et al. (2006) . Principal components (PCs) with eigenvalues ≥ 1 were considered to contribute to explain greatly the total variability. In each PC, soil indicators with a loading within 10% of the highest factor loading were chosen as the most appropriate indicators for the MDS . Sustainability index approach was calculated as proposed by Gomez et al. (1996) . In this research, soil indicators as MDS was used to calculate SI instead of using a set of pre-defined soil indicators by Gomez et al. (1996) . Threshold levels of these soil indicators selected as MDS were calculated based on their mean value of land use at the site. Sustainability indices for these soil indicators, having a positive role in soil sustainability were calculated by dividing the actual soil indicator value by its corresponding threshold value. For soil indicators with a negative role in soil sustainability, the threshold level of each soil indicator was divided by the actual soil indicator values (Singh and Khera, 2009) . In this approach, either the positive (e.g. SOC) or negative (e.g. BD) role to sustainability, a higher magnitude of soil indicator shows an improvement in the role soil sustainability. Therefore, values >1 shows the positive contribution of the soil indicators in increasing the soil sustainability, while values <1 shows a role in reducing the soil sustainability. The SI was calculated as the arithmetic mean values of sustainability indices and the soil samples having SI> 1 and SI < 1 were regarded as sustainable and non-sustainable, respectively as proposed by Singh and Khera (2009) . SI is more suggested to CR because it considers less soil indicators; therefore, CR was calculated based on TDS (CR-TDS= with 9 soil indicators) and MDS (CR-MDS) to test its efficiency. Soil sustainability by using CR approach was calculated by assigning a RWF to each soil indicator values and CR was obtained by summing the RWFs determined on the basis of critical levels ranging from 1 to 5 showing no limitation to extreme limitation classes (Lal, 1994) (Table 1) . Then CR was categorized into five classes and each class was assigned to a soil sustainability status (from highly sustainable to unsustainable) (Shukla et al., 2004) . Since CR was calculated based on both, MDS (CR-MDS) and TDS (CR-TDS) methods its classification was separately calculated (Table 2) . In this study, SAR and RFC were used instead of K s and WSA. The relative weighting factor for RFC was carried out as proposed by Reynolds et al. (2009) and SAR was performed as proposed by Alizadeh (2002) . Correlation coefficients and regression analyses at significant levels < 0.05 and <0.01 were conducted amongst SI, CR and soil quality indicators to see the positive or negative significant relationships between each studied soil indicator with CR and SI and correlation coefficients (r) obtained indicating its good or poor relations. The regression analyses was performed between SI and CR-TDS to obtain their closeness for evaluating soil sustainability and thereafter, regression equations were developed with respect to highly significant R 2 values. We also determined the efficiency of selected indicators constituting the MDS (CR-MDS) over the TDS (CR-TDS) based on highly significant R 2 value.
Results
Descriptive statistics of soil properties (Table 3) indicated that SOC, EC, SAR and clay content had the highest variability at field scale. In order to calculate the SI, soil effective indicators were selected by PCA to obtain MDS (Table 4 ). The results showed that the first four PCs with eigenvalue ≥1 accounted for 75% of the total variance (Table 4) . Within each PC, the variable with the highest factor loading was selected as the most important contributor to the PC for MDS. In PC 1 , PC 2 and PC 3 , SAR, BD and pH had the highest factor loadings, respectively. PC 4 presented two high weighted indicators, AWHC and SOC, which in turn were highly correlated (r= 0.813, P <0.01, see Table 5 ) and these indicators were also selected for MDS. Table 4 . Principal component analysis to select the soil indicators as the minimum data set (MDS) (underlined value) from studied soil samples (n = 63).
Our results indicated that 40 % of soil samples had SI < 1, therefore an unsustainable status in this management system (Figure 2 ) and 38 soil samples (60 %) were grouped as sustainable. Correlation between SI and soil indicators as MDS (Table 5) Figure 2. Soil Sustainability Index (SI) approach calculated from the means of soil quality indicators: AWHC: available water holding capacity; BD: bulk density; SOC: soil organic carbon; SAR: sodium adsorption ratio; pH to form the minimum data set (MDS) selected from studied soil samples (n = 63).
The RWF shows that soil texture classes varied between loam (66%) with no limitation considering in class 1 to silt loam (33%) with slight limitation considering in class 2 ( Figure  3) . BD of 59% of soil samples representing moderate and severe limitations. The AC of 43% of soil samples representing no limitation, 32% of soil samples had slight limitation and the rest 25% had moderate limitation (Figure 3) . The correlation coefficients obtained between AC and soil particles size (sand r=0.47, P<0.01 and clay r=0.33, P<0.01) and the BD (r=-0.61, P<0.01) representing AC can be influenced by the soil particle size and the bulk density (Table  5 ). Total soil samples had moderate limitation in terms of the AWHC. RFC with the slight and moderate limitation classes (86% of soil samples) showed similar trend as AWHC. SOC as one of the most important indicators in soil quality had slight and moderate limitation in 76% of soil samples. In addition, 50% of soil samples had slight limitation in terms of EC and SAR of 85% of soil samples had slight and moderate limitations (Figure 3 ). About 81% of soil samples had moderate to severe limitation with respect to pH, due to the calcareous nature of soils (Figure 3) . Accordingly, 56% soil samples were sustainable and highly sustainable in terms of CR-TDS and 44% of soil samples would be sustainable, if more inputs to the agricultural system were regarded ( Figure  4) . However, about 65% soil samples were classified as sustainable and highly sustainable with respect to CR-MDS and 35% as potentially sustainable with more input (Figure 4) . Results of linear regression analysis showed that SI was negatively correlated with CR-TDS (R 2 =0.69, P <0.05) ( Figure 5 ). The regression between CR-TDS and CR-MDS (R 2 =0.78, P <0.05) was highly significant (P < 0.05) and proved that MDS has a good efficiency in representing TDS (Figure 6a ). The linear relationship between SI and CR-MDS was highly significant (P < 0.05) either and it indicated (Figure 6b ) that SI had higher correlation with CR-MDS (R 2 =0.803, P <0.05) than CR-TDS proved that soil indicators selected as MDS had very good efficiency in assessing soil quality compared to TDS.
Figure 3. Soil physical quality limitations calculated by relative weighting factors (RWF) in
Cumulative rating (CR) approach for nine soil indicators as total data set (TDS) including AWHC: available water holding capacity; pH; EC: electrical conductivity; SOC: soil organic carbon; SAR: sodium adsorption ratio; BD: bulk density; AC: air capacity; RFC: relative field capacity; Texture (sand, silt and clay), selected from studied soil samples (n = 63) Discussion. 
Discussion
We hypothesize that soil quality indices are considered the most appropriated methods for soil sustainability evaluation due to ease of use, flexibility and quantification (Drury et al., 2003; Singh and Khera, 2009 ). Selecting MDS soil indictors can perform as well as TDS evaluation saving time and money (Govaerts et al, 2006; Qi et al., 2009; Rahmanipour et al., 2014) . In this study, instead of using a set of predefined soil indicators by Gomez et al. (1996) and Singh and Khera (2009) , a site-specific selection of soil properties as MDS was used. However, several MDS have been proposed (Shukla et al., 2006; Yang et al., 2010) . Suitable methods to identify appropriate soil quality indicators seem to be important due to their significant impact on soil functionalities and productivity (Ditzler and Tugel, 2002) . Methods for identification and determination of MDS include linear and multiple regression analysis (Li and Lindstorm, 2001 ), scoring functions (Yang et al., 2010) , principal component (Qi et al., 2009 ) and discriminant analysis (Lima et al., 2008) . Among these methods, PCA was employed as a data reduction tool to select the most appropriate indicators (Doran and Parkin, 1994) . This technique groups soil indicators into a few factors as PCs accounts for total variance (Johnson and Wichern, 2002) . PCs with eigenvalue ≥1 were regarded for selection of MDS and the soil indicators with highest factor loading were selected as the most important contributor to each PC for MDS. However, in this study indicators from expert opinions along PCA were considered for selecting effective soil indicators as MDS. Dalal and Moloney (2000) and Andrews et al. (2002a) reported that choice among well-correlated variables could also be based on the practicability of the variables. Hence, any expert could employ the options to select or eliminate the indicators from the final MDS based on their simplicity of sampling, measurement cost and interpretation of results. Regression coefficients obtained between SOC, AWHC, AC, RFC, pH, EC and SAR (Table 5 ) showed significant relationships with soil physical and chemical indicators. These variables positively impacted the physical quality of soil by improving soil structural stability and biological properties as reported by many authors (Shukla et al., 2006; Yao et al., 2013; Liu et al., 2013) . Because of the importance of SOC for soil quality, it was selected in this study. The highly significant correlation coefficients obtained amongst pH, EC, RFC, SAR, AWHC, AC and SOC indicates its impact on other soil indicators (Table 5) . Thus, it can be concluded that SOC is one of key indicators affecting the soil quality and sustainability in the studied area, which is consistent with the findings of Govaerts et al. (2006) , Lal et al. (1999) and Gregorich et al. (1997) . Shukla et al. (2006) selected SOC as the most dominant soil attribute in their study. Lima et al. (2008) used PCA as a multivariate statistical method for selecting effective soil quality indicators. They retained eight soil properties (BD, AWHC, Cu, Zn, Mn, SOC, earthworms and MWD) as the MDS for rice production systems. Govaerts et al. (2006) defined similar dataset including eight physical and chemical indicators (time-to-pond (i.e. Direct surface infiltration), aggregate stability, permanent wilting point, topsoil penetration resistance, SOC, soil N, K and Zn concentrations) each for highland soil. Yemefack et al. (2006) selected five soil properties (pH, exchangeable calcium, available phosphorous, BD and SOC) to characterize soil dynamics in shifting cultivation systems. Yao et al. (2013) proposed five soil properties (SOC density, SOC, Na, Cl, water table and EC of groundwater) for soil quality assessment of typical salt-affected farmland. Therefore, all of them used SOC in the MDS, which is in agreement with our results. Five variables from four PCs with eigenvalue ≥1, including BD, AWHC, SOC, pH, and SAR were selected as the most effective soil indicators (Table 4) , which are consistent with some of the parameters described by Gomez et al. (1996) . This reveals that selection of the effective indicators soil physical quality for a given study area, provides a comprehensive understanding of soil conditions. Similar selected soil indicators were proposed by Emami et al. (2012) and Singh and Khera (2009) . The characterization of soil quality requires a selection of the most sensitive indicators as decision support tools to changes soil management practices (Elliott, 1994) . Arshad and Coen (1992) suggested that soil depth up to root restricting layer, aggregate stability, AWHC, BD or PR, K s , SOC, pH, EC and nutrient availability are generally sensitive to management practices, thus they can be used as soil quality indicators. As presented in this study the soil properties such as, AWHC, BD and SOC represent the most important soil quality indicators as described by Topp et al. (1997) and also Reynolds et al. (2009) . Our results indicated that 40% of soil samples had unsustainable status for sustainable agriculture in this management system with respect to SI. Emami (2012) reported that 47.1 % of soil samples in Karaj plain were not suitable for agricultural land use. The negative correlation between SI and bulk density (r= -0.497, P<0.01) showed that the increase in bulk density can reduce soil sustainability. In conventional systems before sowing spring and fall crops, tillage and disking are normally conducted with an excessive use of agricultural machineries that increase the soil bulk density. Soil samples (59%) had moderate and severe limitations with respect to BD reflecting poor soil physical quality, similar findings was reported by Virto et al. (2010) . Therefore, in the conventional farming system, the selection of bulk density for determining soil sustainability index seems to be very important and necessary. The results of the sustainability indices of each indicator showed AWC and SOC are the main limiting factors of soil quality in the study area due to their higher correlation coefficients with SI approach (Table 5) . Studies in Karaj and Varamin plains have confirmed our finding .About 81% of studied soils showed moderate to severe limitations in terms of pH, indicating the presence of calcareous soils (Figure 3) . Since soil nutrients uptake by plants decrease dramatically in the presence of high pH (Salardini, 1995) , pH can be considered as one of the effective soil indicators reducing soil physical quality. The results of CR-TDS showed that 44% of soils would be potentially sustainable if more input is included in the agricultural system. Thus, the implementation of appropriate management strategies such as use of organic wastes, reduction of soil tillage, and inclusion of legumes in crop rotations, partly can improve soil sustainability and quality. Niu et al. (2011) showed that spreading out straw on soil surface before tillage and leaving straw at soil surface without tillage, these are two advantageous practices to increase SOC accumulation in the surface layer to improve soil quality. The relationship between SI and CR-TDS (R 2 =0.69, P<0.05) proved both indices had good efficiency in determining soil quality ( Figure 5 ). These approaches were negatively correlated with each other as it was expected. As reported by Singh and Khera (2009) higher SI indicated soil quality improvement and higher CR indicated poor soil quality as obtained in our study. Emami et al. (2012) also reported highly negative correlation between SI and CR-TDS. Based on CR-TDS results in this study, soil indicators such as SOC, AWC, BD, pH and SAR were the most important factors limiting sustainable condition. This was supported by the significant correlations between these soil indicators and CR-TDS. SI is preferred to CR-TDS because it was established with less soil indicators. The results of Singh and Khera (2009) showed that SI and CR were significantly correlated to soil erodibility, but the SI index demonstrated to be better as it require less soil indicators with high soil erodibility correlation. Therefore, multivariate analyses technique of PCA was used in this study to reduce the number of effective soil indicators and to increase efficiency of CR approach for soil sustainability assessment. The results of CR-MDS were comparatively similar to the CR-TDS, since CR-MDS showed only 10% difference compared to CR-TDS (Figure 4 ). The differences between CR-TDS and CR-MDS and the high correlation coefficients between CR approach and soil indicators considered as MDS (Table 5 ) demonstrated that five soil indicators SOC, AWC, BD, pH and SAR are the key parameters for evaluating the soil sustainability. The relationship between CR-MDS and CR-TDS (R 2 =0.78, P<0.05) indicated that the MDS is a good representative of nine soil indicators (TDS) (Figure 6a ). Moreover, using PCA for selecting more effective soil indicators as MDS can increase the efficiency of CR as it provide using less soil data input in assessing soil quality. Thus, it seems that the selected soil indicators used in calculation SI approach and CR-MDS are the most important indicators affecting soil sustainability in the study area (Figure 6b) . Mandal et al. (2008) applied PCA for evaluating impact of irrigation water quality on a calcareous clay soil. Their results showed that PCA as a multivariate statistical method is a suitable tool for selecting effective soil indicators as MDS. Our results showed that using PCA to select the MDS from initial large of TDS is in good agreement with the results of Govaerts et al. (2006) and Shukla et al. (2006) . The soil quality indices can be applied to monitor soil sustainability changes instead of using the common definitions of soil quality indicators such as soil physical and chemical properties and their processes (Lee et al., 2006) .
Conclusions
The results of present research showed that agricultural land use and improper management practices have led to degradation of soil quality. Also, both sustainability index and cumulative rating approaches indicated similar results in evaluating soil sustainability. The use of this type of indices can help the policymakers, researchers, and farmers to take decisions on selection of management strategies and to monitor the changes in soil quality. Results demonstrated that the site-specific selection of soil indicators in assessing soil quality and sustainability instead of considering a set of pre-defined soil indicators of soil sustainability can provide a better comprehensive understanding of soil conditions. The results showed that minimum data set method could adequately represent total data set method with respect to saving time and money. Principal component analysis as a multivariate statistical method increased the efficiency of cumulative rating approach as it uses less soil data input to assess soil quality. Principal component analysis was found, therefore to be a suitable method for selecting more effective indicators, which have key roles in soil sustainability.
